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Abstract of WO02084831 

A gallium nitride compound semiconductor 
element long in service life and excellent in 
temperature characteristics, wherein a first cap 
layer (108a) containing low-concentration n-type 
impurities and p-type impurities (preferably non- 
dope grown), and a second cap layer including Al 
and doped with p-type impurities are laminated 
on an active layer (107) consisting of an n-type 
gallium nitride compound semiconductor 
including In and doped with n-type impurities to 
thereby restrict compensation by a donor and an 
acceptor near the interface between the active 
layer and the cap layer. 
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(57) Abstract: A gallium nitride compound semiconductor 
dement long in service life and excellent in temperature 
characteristics, wherein a first cap layer (108a) containing 
low -concentration n-lypc impurities and p-iype impurities 
(preferably non-dope grown), and a second cap layer including 
Al and doped with p-typc impurities are laminated on an active 
layer (107) consisting of an n-iype gallium nitride compound 
semiconductor including In and doped with n-type impurities 
to thereby restrict compensation by a donor and an acceptor 
near the interface between the active layer and the cap layer. 
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*58W«, (In x Al Y Ga,. x . T N, 02JX, O^Y. X+Y 

io 

/ * (LED), U-lf^^-- (LD) Jfrfe>* 
15 «S<lir!l3t«^©56ji*tpJtBt#A5tl, *-©J&fli«&aBu 

20 V>. *fc, In**trnJBSttJIttiM»bav>3tft, p SI* 5 y H 

26 QWflfttSS, najfc»pHAlGaN^9»H*"«*^!Sr^;i^yna|jft« 
*UTW*. ELOGjft»SitfcGaN«Rl0 1±lC. ^s»77il02t* 
LT ' nl!AlGaNri>^^hgl0 3, nil nGaN£52/* IfcifcHl 0 
4, nSA 1 GaN/GaNfift?^7y f*JSl 0 5, 7> t*-7GiimiH 
H®10 6, InGaN#6Jt«i7#FiSiUi0 7. plAlGaN+ty 
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71108, 7>H-7GaNft#<FEl0 9, piAlGaN/GaNM 
=f-Z?v Kfll 1 0, piGaN3>^^ Ml l i^it^$nr^s, '* 
fc> 16 2(iZr0 3 ^e»^5«m 1 6 4teS i 0 2 <»:T i O 2 £0&£Si® 
ft^Jggt 12 0»pm 12 1ttn«g, 1 2 2tl 2 3«®DtBb«ST 

5 

f£ttSl07«, 7>H-yin, 1 Ga l ., l N#FS (0<xl<l) £S 
i H-yi n^Gaj.^Negl (0Sx2<l, xl>x2) 1fimmism& 

^Sl0 8ti, mitmi 0 7 f\<ra P nm<£:£Wl$.LT&9, HTZmtefgl 

0 8«v SttMl 0 7^©3js-;V©tt^©gi!)<&SfcTfc«>, iS«*©Mg*tK 
' -^ftT^S. pl+t-^110 8(a, 1 5~5 0 OAgftWfflTmgS 

^n«^<. s^^n^ps^-rHMio 9^ P s^5i/Hjii i o,to 

16 SirtKith pH^-f HSl0 9§Srffittl©J:tiaS^-r-5^lcH;^ 
T. I n &^M£&J§ 1 0 7 <DlffiZtlVMt5 3. 

0 3K:w-r«je©a^*Ut>A*<b^%¥«#U-lflc: c fcD. gfc, 5 mW© 
l^lSO^frT 1 ^^p B ^jSA5f?#©»fig»iWS6T*5. 

20 £6&5^tHft©fi±*t#*e,nTv>5. fttc, ^b^»j^A«ft^-«b^i©# 
25 ##58W3m, g<b^ u v&mt£®*mm¥\z&^T, ( 1 ) ngi?£&B£ 

tftSCi. M (2) nHffift!£pg**y:/JSi©pn^!mT, nS 
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±13 (2) ftjftlraVVC.- H2A6*R^«t6_mnicRn-r«. H2AB. 
a*0«flJ**W*SlH 1 C*tfapffl+*y7'*l 0 8 tnffllSttJil 0 7tO 

8fcF-7SftTV>*pS:fW»l Ott*-;i/ft&fflb (H+a), nS!Stt® 1 

fcpffl+lrsr^Jift*****!*. pa+W^+OpS^Mftl Ottftttft 
tC<kDnffl»ttMfc:-»ftAU ng!gtt®*©nM^!i»Mjl 2fct&ttfa 
t<kO pa*Y vt/JIfc-flSeAf*. £©fc#pnt&£J¥-®ttirepa^§iB& 

/ 5. 

15 **pS5FJ»M&* F-^Lfcpagflstf'J £A5fWb^¥£fr7y>&fiE5pai7 ^ 
HMtOIBfc, ftliESttJi<fc0 ! fe(i«ffi©nS7Fi6efei:f?fJflHpS!5'7 
il0^7^It. A 1 £^ P a*|iGil£ P-7bfcpffl3Ms*fiJ$A*fls 

20 & /SSJ6.2 * 7i£*8t*bfc c t « tr«. 

26 0 2 B «, *&m\Zfi *Kfb*¥*#5*f fc*$»tS P a* V 71 1 0 8 i n 

mm&m io7to P n^iosfsimsstfes. 0 2 b t^r * 5 
ic, *fr»wc±n«, na^i««RtfpS3Fie«i««v>-fnfefi«Kt-&*nT 

V>5|gl©*iry:/JBl 0 8 aSnlSfiltpI^tS'^i <.=t52<D*vv 
-7M1 0 8 b) ©MfcRtt&fctt. XWe<E>?Mtt«^rtrpa^^y^Jli)*na 
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iSttHlOti*«rf*»# (02A©*§£) fcfc^T.. *1—£79*?9&Mi 

nS^*8*2fctfpS^I««b©jaK*tl. Oxio 17 cm- s «T-cebO, f»E^2 
©*yyy®»C*^5pa!^M^©»a[*t8. 0X10 l8 ~2. 0X10 l 'cm 
-•T**Cfc*»#*U>. m. *#5§WfciiV»T. SSl©*v<.y:/JI(f>©nlPF 

m®Rzfipm*t%®<Dm&t\t, ®©jsajr(niic*^5¥^Mu5. ssi©** 

10 fP'ai'OnSI^M'K/StXpS^iW^©^^}*. ffi©S*>6>©^SS»©«ec 
<k?TJI©Jl^:£r$H;:»&$Jffirt*T!£TV>*. BP'S. SSI ©*Yy:/JI*©nS! 
' SttJIlcSVHlTilK . 8^#SISttSfcfto-C»>j>U £fc 

jS»IC ^l©*irs/yg»f'©pl[^tiS*b8Stt, S2**y7 , Jlfci6^«h?R<. 

©»ifc* WOn IttFUfi® i» 2 ©* y y 6 © S»fttS:fc «k 0 p S^Ftt t 

20 TtfiWaft^fiV^lO+Yy^HttSafit&Ht&SfcSD. *^©SK»Sffi 
Stt, »l©*Yy^l*^I^Atff*Uv». — pi^M 
*2:nfl7Ntt<D«S«MiMr«IUk»&a. Ml ©*y y ^«*»*v»^Wf* 

25 TO*** 1 ffl+t? +T*1*i»ftfc©£|Mbj«JS io*t9 

p a?F«ft t n listti* Ltttn s**fi»tf«i»arf z>mmm& 

±&<fc-5. 'uT, nSSR^pa^MttdtMnc^Yyys+Tf^TlRHtftfi 
tt, *®?Mtt©JB 1 ©** y ^■^©«tt6fbSt*feS«fcB c«xBT*-r« 
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n mxm#n i ©* v v fm ©asas (.mmm c«vtTtnti»ftt 

K»!6t±|B»t6«fi©^W-C« LV> t * fc?M«©»«»flJ3»&*««* fc ft ft . 
^#F«tt*«f />F-7#FHT?»7bTV»ft#SK:«, #pr 

<8$$5&*;o*ffc*:<i:fcft. 
ccTjSfcfcttgLtra:, te>^©5pM%oieas©::i:*VH». u* (d- t) 

a'exp (-U/kT) T?£$n, D o «^fi?0»i<DiS«c!£», att*©*f!&fc 

JH©^^y^S>Ctt> GaNS, I n,Ga,. x Nl (0<x<lK 

RtfAl y Ga a _ y NS (0<y<l) SfflfcftC t*tt?ts Ctl6©2a 
«±*WH/&feO*AV>*cfc#tT«*5. GaNStt, SttS*© I nMM<0 
J«iHlC»*«T»D. *0, tt*^A»A«9j&LftUjftTff*UV>, In, 

Ga x _„N«tt. «*fc»*uT*v f o±»3Wk<, iSi&ttm<aj&ftjSiT?#* 

U». AlyGal-yNi (0<y<l) », SttS© I n©«gl©«lWfc* 

©** y ^«+T?^f «rtfift*fcft#ra&'*, |g 1 ©*+• y 7H©&j*fc «fc^> 

tty^iOWttl 5~10 0A (<fct)S?£L<fc£5 0~8 0A) -C&ftCi 
*«a*l/K »l©+iryP r a*tIn x Ga I _ x NJB (0<x<l) tf>S.j£ftS-& 
fctt, KV1 5-1 5 OA (J;i3ff*Ktt8 5-1 1 5A) jWKLtt. fti 
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V*>ry7mtfA l y Ga I _ y Nl (0<y<l) 5~ 
50A («};0#i-L<tt:2 0~5 0A) #>M*bV»< 

~5 0 0A-C&5J:t7!itfftLV». 

'Ge, Sn, S, O^aW&n. JFSKttSi, SnT»5. pi? 
ffifetLTtt. 4#KI6j6SnfcV>;g* x Be, Zn, Mo, Cr, Mg. Ca&f 

20 mmomwiWi® 

BIB. *ftn©HMB*tt*fittr«flR»«H'Cft«. 

H2ASrjtBtt, (02 A) &tf#?§9i (02 B) 'J 
ft£4&¥*#5S?-©!gtt0 ip S!+ V v 7JB©»W#iE©8**jR-f SKCST?* 
*• 

26 03B, fl^a«^U9A^^*W^©^ft*r««»fiiiHT?» 

s. 
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fetf'JfAaflSfcWfcfctfFfctt, GaN, A IN, <bb<ttInN, Xttd 
ft&©SllTfcSg<b#y£A*ft£tf¥*# (In x Al Y Ga,. x . Y N, 0 £ 
X, O^Y, X + Y^l) CftS©-68£, B, 

0 1 9>meH>m*l'~9 1*. In.Ga,_.N (0£a<l) iD»6jft*«ttai 
0 7**, nSAl b Ga,_ b N (0£b<l) JH10 3~10 6 Ofrl#fcb©fil 
10 plAl c Ga 1 . e N(0^c<l)I108~lll (SJlfttC 

SttM107«, In u Ga,., 1 N#Pi(0<xl<l) tIn xa Ga 1 _ 
x2 N»g® (0£x2<l, xl>x2) **®S*:lElScjff^2fc:^D5lU@® 
15 3*lfcMQW8|j§ (^aS^Pfcit) SOUTHS. #p®«7> F-:/TJ£ 
j£SnTV>5-:£, £T©»gJf fcttS i , SnS©ng:W&l**K-7£ttT 

«g***# < T#FS^©m? j£AS*!?**SI < ft 0 , V— if ©SMBWItttW 
±*'*. SttS10 7tt, #FJiTr*fo-3Tfeft<, WM-C»t)oTt)AVi. 

20 fttti i o 7 Ktt, asftiE©sv> i n m*itm>£m\zmM>t<nT^zrcib, » 

«fbg<, ftfSWJl.kO'bffiil (*59 0 0'C) *eii»«*l*. 

^7^11 0 8fi, 7>H-yT^;S$nfcftlO*^y7'ai 0 8 at. 
iaSS«0Mg*H-ybT^S$n«:^2O^^yy®l 0 8 b©2fl:J:5T 

25 IlO+tf^ll 0 8a«. nJHSttJil0 7OI»BJiteH-^*nfeS i 

bT450. GaNl, In,Ga l - x N® (0<x<l), A 1 .Ga^, 

NJ1 (0<y<l), Xttc:ne2a^±©«^#S7>K-yT?fiRSS-y-fc , &© 
T**. *l©**5»7JI10 8a©|WH:, fil 5A&UT, Sill0 7l: 
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F-7£nfcS 1 1flm 1 ©** s>7JB 1 0 8 a«t>T?SR-r.!»tt«St»2 ©*vy 
y®l 0 8bCH-ystlfcMg*^l(D+^5;yjgi o 8 a tf^f^JSiiS 
tCftttS&TT&S. CCT, S iRrjCMg*tgl©**s,:/j§ i 0 8 a*T 

Sgl©**y7Jf 1 0 8 aSGaNI, In,Ga,.,NI (0<x<lK A 
l y Ga,_ y NJI (0<y<l) ©51i. 2tteLk©«J«i*7> H-^Tfi6S$ 

10 JgjfctLTI nGaNSrWr5*i-&Hl 5~1 5 OAtU GaNSWf5i-& 
ttl5~10 0AitS. £*lfc<fc0. Sll©*^:/JI£lJi-©®Ti8tt/fc« 

ngffittSl 0 7* &|gl ©**>-, yjgi o 8 afctSftL&S i tt, |gl©* 
0 8 a+7?, nSgttgl 0 7i©|f.®^e.B2©+yy^©l 0 8 

15 b toffmfcrtfr-j Tb«v»fcw»m< a*. £ 2 ©*y 7 i o 8 

b^KD+ty^il 0 8 aCtHKLfcMgtt, Jgl ©*y .y^g+t?. fg 
2<D*W7mi 0 8 b ifflJMifrSnSffittJB 1 0 7 tOftlt^oTlj? 
Ufc«*tft<&*. nSffittJBl0 7R««2©+r5'P r Sl0 8b^6©SS! 
feSfct^DSlO^vy^Sl 0 8 afc^*n«.MgSCXS 1 tt, ox 
20 10"c m- s OTT*5. !8.SSlO*f^H08a £j£ft£-B-* fc ft fc, 
SitMg^O^igiSST <Stt»R^JS2*yyyM^6©J»J|;fta© 
«W9ft«lE«tlx 1 0 1 'cm- 3 £tTifc5J;5fcffiilirc) F-:/Lfe*t&rt " 
gSii-rfc&H. SlO+ty^Il 0 8 ate. nS&OtpI!:Fj&fife©il££te 

25 I13)^yyil0 8ati, ffiftjf 1 0 7 <f>© I n«Mlft»irj-*fc»fc. 

%&mio7 tmmtmi cahoot:) i;isi.&2itz>z:tim*L\,\ m& 

110 7J:t)-*fl»Tj**«**i8HtJll 0 7*6 1 n*<ftft<**iT< 

mmi 0 7<fc0feiSST^ss-a-*i:«tti>t.©rn*t)g8ius<^ 
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m 2 <d** v ?m i o 8 b \t. i o 7 ^o^-jm^tm^M^ 
(om^m^^omi^m^x^r), muz, Ai.Ga^.Nji (o<z<i, 

<fcO#£L<ttO. Kz<0. 5) CpiW«ItLTMg^8. 0X10 18 
-2. OX10 l9 cm- s COSIffi^H-^$nT^. %2<D**ry7Ml 0 8b 

fcPSHA. Sg2<fl**y:/Jf 1 0 8blcK-y$nfcMg«TfiSP^l6]*^T}a 
ft$rr£#, Sll<D*vy:/Jf 1 0 8 a^ft^feftnlSftl 1 0 7^e>&SL 
T#fcS i t^ai'&Lft^o bfc**oT> S2 0^^^^gl 0 8JCF-^ 

^A*ft^**»#^6&^»Onffl^tt*aKW:5.- 0X1 0 l7 -l. 0X1 
0 1 9 c nr 3 T&5 C tWI b 

i5 ^ i fc*-rafc«*»#u-if fc^vjx, «jfi©#«iiteo^TBHa-r«i 

V>rti**±H£ , rStf:7 7-f 7* XbT*;W (MgAl 2 0 4 OJ:^^Jfi^ttSS> 
S i C (6H, 4H, 3C£^tfh ZnS, ZnO, GaAs, Si, Rtf&lb 

25 Hie, V>5«£fctt, saS«±K:»^8lifiJg«S30T»Jifc&^ 
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*<Z>m~s ELOG (Epitaxially Laterally Over 

growth) ^^ftmm^m^m^^m^m^ttft^&mmm 
ft^m*mftm\zmQ®*mt, ^mamm^^m^^oj&^^n 

16 S^-THSl0 6^^nTV^ o nMZyy YMl 0 5 £B§Kfi!l<Z>JifcJ:, 

20 nffltl/TfeA^. 

nSSft;fe¥3MWil 0 3-1 0 6©±Jctt,J£tt« 1 0 7*«»a$ntlr^. 
SttJll0 7tt, tt&©SD. I n xl Ga 1 _ xl N#FM (0<xl<l) tl 
n > ,Ga l . xl N»8l (0^x2<l, xl>x2) &Ml$ftLlBttk1*Vt&Ktz 

25 T43t)> £TCD|Sj!gJiteS i, S n§OnI^MW^b< m x 1 0 17 ~1 
XI 0 18 cm- 3 OSST H^LTi^tlTV^. 

fittllO70±fcB, JSio+^y^Jil 0 8 a, »2 ©** y :/« 1 0 8 
bjW»/fcS*iTlr*S. tt»©«D, IlOtt^IlOSalt 7>H-nr 
*jft3hTV»«tt, Ttfi£fc?TV>a»ttJf l 0 7jk5CD*ttteJ:T>TS 1«© 
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nffl*lMb**A/«3tK ^:M$t5i2©*tyyil 0 8 b «> 6 Otttt 

8 at^nl^fimifiSttll 0 7«fc0*fc<, »10*ty^ll0 8a 
*©pffl^««««B»2«)*^!yy»l 0 8bio%>«<ft:0, Nm%> 1 x 
5 1 0 l7 cm- 3 £rF£&£. 

12^^11 0 8 btt» pI^7^ HJB1 1 0J:D<bE5V>A lEBJtfc 
»OpaaEft»*»»*6«!J, JfSKfiAI.Ga^N (0. Kz<0. 
5) tt*lftrt**r*. Mg^pI?«ft^8X10 18 -2XlO lfl 

c nT 3 p-:/s*va>*. 
io 120^7^11 0 8 b<a±lc> pSJfcff-TFHl 0 9, pg*5yFJHl 
10, pia>^^Mlll^$nW5. pffl*7* FJil 1 0*»< 

h*t%) <D*t#*U>. Tftfe%«l©*iry^Ji.*«fttt«o^rtl<Z)Jii;D 

« 1 v -?jg£ o |4 *, :/x*j|,*-*9c*.v>* trs. 5 
g s b^J;<m^ESi;2,86^$n, *tU7flD*- A 

O+iry^JBfcRft-r^l^I n x Ga w Ni (0<x<l) T> 
26 ^S^GaNST?> »2(0*ir V^JBjWA 1 ,G a x . y N« (0<y<l) O^Jg 

(0<x<l) SlWt^yMGaNItAlyGai^NI (0<y< 
1) #«K:»rit£*lfcJiT* *2©*?r»>^JB39«A 1 .Ga^.Ni (y<z, 0 
<z<l) 0«g**tir&ft, c©2r>©»«tt#telSfttt^JSfMlci5^aA 



I 
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»»K*i8S^e»nfc«jtt)*<&. Z.<r>%1i<i FHfi^4JIrt©#Fl,fcD >&;*:§ 

f<fct>, V ( «Ttf« ■£•©!&, #-&©BUP«. ^&<fb« 
^S^&VWOISJStT?, ff*U<ttMUI, HI S2CD*t 
10 y7Jtovv#^ftJ:Dfe*ftV4lire, i5ff*KS3 o 0AH±©wrc*jfc 

' p^lb^«^«©5-fe. pSit^ FBI 0 9©&+3rrUyv>Xh9'f 
^««Sn, »S0816 1, 16 2, pSSm®12 0, nISIl 2 

1, p/ty hmffil 22, fttfn/1y hS@l 2 3)W^3ttT¥ig#l'~ 
16 «fifc£*lT^5. 

ETF, SdMfltLT, @lC^1-»iiOSfll^U , >A^b-&'Kl¥«'»:V'-lFC 

20 rsnaTOKtt&tfp&^nNtteMEH:, 1. oxio^cm-wtas. 
[gases n 

(IftlOl) 

(lOOwm) T^S^-a-fcft, &8gffi&6Si£UT, 8 0 nmOG a NfrZfS. 
26 *g*b«¥*#3&K£fflV>*. g£©i£DV>}gj&£«sW:, ^T©®0T?S5. 2 
C®Si®i-r«-y-7r-f7«kD&SSfflSffi*MOVPESJt:«j8 
ftfc-feyhU )fig£5 OCCfcbT. hU^fMUW (TMG), 7>*= 
7 (NH|) £/Bl->, GaNJ;l?fc.5/fy7rlIS2 0 0 A©JK^T^*-fr, 
*-©&, mS£±VfT, 7>H-^©GaNS:l. 5 W m©BS^T-^S$-&T, 
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(ELOG) R:J:0«Kdnfcttft*¥«#llft« 

(/b7rSi0 2) 

ftfc«¥»#»«0±fc:, Mf££l 0 1 S^fcLT, TMG (MJ^jWtf'J 
9/0. TMA (HJ;t?W7*3=9A), 7>WMV», Al 0i06 Ga 0i 
10 » B N±0&*Aty77JBl 0 2$4/im«^$t^. A 1 G 

'aN©nffl:a>*£ hJit, GaN*6&*aft«*il|ft:ai«4:©|BIT, Ay 7 

(nSa>^^hH0 3) 

W:#SnfeA f 77rI10 2±l:TMG, TMA, 7>^7, 
15 tVT*s5>%X&m^ 1 0 1 i F-^LfcA 1 o. o 6 Ga 0 . 96 N£ 

(J.9y*l»jkil 0 4) 

TMG, TMI (HJ/WM^S^A), 7>*-7£E^ iag£9 
0 OtfcLT In 0 . 06 Ga 0< 64 N<fc 5 y ^BfrlfcJl 1 0 4 £0 . 1 5/i 

(nS?9y Ml 0 5) 

Mg$:l 0 1 5t:tCbT, K»*TXfcTMA, TMGRtfy^ZTt 
fflVi, 7>K-^OA1- Oi 05 Ga 0i 96 N£ t>&5 AJI&2 5 Act>RP7?j&6£ 
■fr> m*T. TMA£iktf>, ^F*fiWXtLT*>^>^X^ffl^, Si^SXl 
25 0 1 Vcm 3 F-:/UfcGaN£!9fe:£B)I&2 5 A^JWredSftS-frS. 

T\ ^©ta^^n-en2 0 0H»D®UTA«tBJB©«JlL, ^miPlMm 

7>F-?A1 GaN0Al«fl*£l/THU 0. 0 5£(±0. 3&T<2«Sa-e 
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(nS3fc*HK®10 6) 

GaN^D^^nSW KJgl 0 6£0. 1 5 ^momm^C $fc, 

5 <SHSJil0 7> 

MG&tf7>^7£fflV>> ^^tlT^7>^W\ Si £5 XI 
0 18 /cm ! F^L&In fl . 0B Ga 0i B 5 N£ $fc*|§gJI (B) £ 1 4 0 Atf) 
®IJIT> $/5>#X*Jh«K 7>H-70In Q . 1 Ga o .»N«fcOfe*#FJB (W) 
10 £4 0AOgUr?, £<D0tME (B), #F/I (W) (B) / (W) / (B) 

/ (w) • • • -/ (b> ®M&ftirr*. imm. sttsi o 

' 7MU 0 0 A©*Sg^#F«5g (MQW) 

(8l^tyyj|10 8a) 

*fc> nfltoflUt?* K»;tf*fcTMA, TMGRtf7> : 6:27£J!JV^ Ga 
16 N£DfeatBl©**y:/Jil 0 8 a£7 5 AcoBWTififi^'frS. 
(»2©*irs/:/Hl 0 8 b) 

0 0 OTJfchft BWXICTMA, TMG&tf7>^n:r£ 

. t^Mg£7. 5Xl0 1 »/cm , H-yUftAl 0l ,Ga 0iT NJ:9WJB2t 
20 iry^Jil 0 8 b&l 0 0A<MWrcj*ft£-fr*. 
(pS3fctf-T HS10 9) 

M&£1 0 OO'CfcbT, m$WX\ZTMG'&ZST> : £~7%m^, 7 
> K-^O G aNJ; t)&<5 p ffl3fc*W Kg 1 0 9 £ 0 . 1 5 jt m©WPTM&** 

(pI^7^'kiho) 

«V>T, 1 0 00tT7>^Al 0 . 06 Ga 0 . 95 N<k 0ft£Ji£ 2 5A<Z> 
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*/T«fcft*13\ ttV>TTMA*ih», Cp a MgSffl^T, MgF^GaN 
J;Dfc*B£2 5A<0J8lffT/&B2ii\ ^tl£9 0@|gO&LT*SBlJ?0. 4 5 

*fc<fcfe-J8F*tA 1 **tr*ft«aMMMe**, !ffv>te/t>p**y:/x* 

flWfcfcS**, K*rteni;j:5fcF-^LTfeftV>. ?7yHiiiott, Al 
*-&tf£{b«l¥2II#B* »*U<BAl x Ga x . x N (0<X<1) fefrtrffiftT 
*HSfcT«21fc««*U<v *'6ldJS;b<B;GaNfcA 1 GaN£*«JBLft 

io jatt^stiB^rs. p*??? pbi i o*m%*mmt-r sct^^r, ^ 

/ &0> *6fcA>H*^!y^x*;V^-*t*«r<a:*©Tr, Wfit*«T 

# fc5B£*- -5 \£vh bft V> <D <fc D fc^fc < £ is 3 — h Oft 

15 

(pi3>^^MH 1) 

S^ir, 10 0 OtT, pl^y PHI 1 0O±C, Mg£ix i O ao /c 
m 3 hWLfcpiGaNJ:D^pl3^^ hHl 1 1*1 5 OAcDBUn? 

pin hg 1 1 1 lipIO I n x A 1 Y G a ^^yN (0£X, 
20 0£Y, X + Y^l) -ZMf&tZZt&rZ, <f*b<ttMg*P-:/L&Ga 
Nimtf, p««12 0i*feffSU>*-5yir«»*«»6n*. n>*£ 

mi itt««*»ja-r*»T*s©T, lxi o & Vcm s a±cDiK^vu 

7m&t1-&z.£ifim2zLV. 1X1 o^/cm^Dfcfi^taatJffftL^ 
*^5y**»*©jWBU<a:*<irtlc**, $<&tC3>^^ Hi<0ttj5fc*Ga 

E**»rtfc*^T, 9XA*jMtMM** 7 0D'C7?TX-U>y*fTV^ 

psifeXfcttSttflrr*. 

K±Oi5fcbTftft«*»#*j****#JI*ajILfc*, tfxA*Kj*;e. 
■*&*DIHU »±H©pSri>**PJi0*fflfc:s i O a J;D&*«BMt* 
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»J*LT, RIE (Rte&4*>Xy?>in SfflUS 1C 1 ^IcWXy 

Sfccko, siKfctt (*tUT, s io 2 ) kvizzmioimmi 6 1*0. 

5tfm©WPT?»j8l/&tt, fgl<D«SHftl 6 10±teW£0#tt0TX**j&> 
H\ RIE (K«tt^t>xyf>^) MtUD. CF 4 ^SfflV> 1 
10 yV^77^-SEtl5fc«tD^h^^«1.6Mm<D«lcr>«BIBll 6 

' 1, *ttfpa?7*;Fll 0 9, pffifctf-f FH1 1 OEMg^X^^l, 
T> pS3t^HBl 0 9OKAW10. 1 /imttoS^myf 

i5 u y s>x h v< m 1 <D&mm 1 e 1 cd±* & « z r both 

tLXZ rO a ) i:D^I20Wl 62$, 6 l(D±t, 

Xy^>yiC<fcDBmsnfepa»^f<HSl 0 9©±IC0. 5^m^iJ?Tl 

£2 0ftHKl 6 2»j$fk £XA€6 0 0^T*ftfflST*. £0£5fc:S i 
20 O t £lft®tffi*£ 2 <D&m&t LTftf&Lfr®G< % 2 ©««IK/*BI«K:, 3 

o 6ic£U:.«F*L<H:4 o 0t:a±,aftsft**#©iH»aflPHT(i 2 o or:) 

5XA*7y«fc««U *l©«W«16 1*U7h*7ttteJ:D* 
25 £T£ a £<D;i£fc:J;tK pSn^^MBl 1 KD±lcR^&nT^fcJBl o 
fflHRl 6 lJ0«Jfe£3ftT, paa>*jrh*3WHB*ti« # eU:oj;5icLT, 

#-f HJBl 0 9CD&HJ®) tS2CD««jRl 6 2**»j58£n*. 
2KD±5fc*pffl=i>** hJii 1 2©±lc«»6nfc»l©««ill 6 
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»5fe*ti&«, HifcjR-riifc, ^coattjLfcpsn>^^Mi i i<Dmm 

fcN i/AuJ;!P^^pm«Sl 2 6*»J5tTS. filpill2 0«l 0 0 Mm 

J**"*. £g2tf>«@®Sl 6 2^ft, Hfc®ffl31ifcng!n>^£ hJil 0 3£> 
5 SSfcttT i/A 1 «kDfcaxh5*f :/*ton«81 2 l tXh^^f^Wft 

*0fflb««ft««-*fca6BfacDlB«lcvx^L, S i0 2 £T iO,J;"0ft*«l 
«#*JMtl 6 4€rKtffc«* p, nmg±lCNi -T i -Au (1 0 0 0A- 
10 1 0 0 0A-8 0 0 OA) £t)fc*tt0ffib h) ««1 2 2, 1 2 3^ 

n^nnw-fc. c<di$; »ttjpio7®iBtt, 2ooMm©s 

/ itS:^<D«) #H«g® (KMM) tefcS.lO.iT i0 2 J:DfcSS§ 

15 ttft*^, ^fb«^«#(DM® (GaN<DM®, (1 1- 0 0) T 

#JK8*tt, 6 5 0 MmT&5. 

gSfc:£V>TU£VMl2. SkA/cm 1 , 5 - 3 0 mWCDtfJ^fc&^Tfi&il 
fcg4 0 5 nmOl^IOl/- if3HP**ff Stl*. l^-lf*^©*?**^ 
20 6 Ot:, 5mW0»«^aK*ViTlS2OOO«fMta:lJ, ttttMefeftSfcT* 

[&80I2] 

25 Wfif^fcTMA, TMGRtf7>*~7&mvC7>F-:/Al 0. 3Ga0. 
.[SHIMS] 

Si©***:/*! 0 8 a*»Vvt**Wl tB*lcUTfflft**"U *A*<l2 
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«•*#««■*•. Sl<D*t^il0 8aS, mi* 9 0 0 T5C 
UT.SR^XtTMI <MJ*«K>5>*A>. TMGRm7>^7*ffiVi ( 
7>K-7l n 0 . „Ga 0 , e 6 N £ LTIft 1 0 0 AcgUgTjEtSgS-fi-S. cog 

©j?3*8)6 oAt-rzmz, sum 3 trust ltsmmw u 

10 [JMM5] 

ISttEl 0 7, SlC+ty^ilO 8 a. Rtf82©**«/;flil 0 8 b£ 
(ffttj|10 7> 

15 iaSS9 0 0'C»CLT. KfljtfXfcTMI ( h y/fJK>5")A), T 

MGStfT^^TSrfflK ^M«)^iUT->7>^*fflV>. Si£5Xl 
O'Vcm'H-^l/fcl n 0 . 0S Ga o . , t N«kOa;«RlfiJi (B) S140A® 
BUST, ->7>#X£jt«>. 7>F-yoin 0 . ,Ga 0 . 9 NJ;D^5#F@ (W) 
£7 0A©j&JPT, Z<DBm <B), #FJ1 (W) £, (B) / (W) / (B) 

20 / (w> / (b> omzmmtz. mm\t. wmmtv. *xmo>*s 

iOh*-yiSlX10"/cm'tn. SttJilO 7tt, &ms 6 OA© 

*a»#F«a (mqw) 

(Sl©*ty^Il 0 8 a) 

#IC. ^©SSl?> M&tfT-KTMA. TMGRrJfT^^TSfflt,^ A 1 
25 o. i 6 Ga„. B6 N<fcr)&3Jgl©*-f o 8 a£ 3 0 Affl'RjrT?J&££-& 

5. 

(i2©+fV^110 8b) 

JfcfC, fflg*l 0 0 Ot5fc±W\ RfcWXKTMA, TMGK.tK7>*-7:£ 
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K Mg£7. 5X1 0 18 /cm > hWlftAl o . a6 Ga, TS NJ:Dfc**2 

^niCJzO^ftS U-if SHFttSftlc^^T 2 . 8kA/cm 2 , 
5-3 0mW©ffl*lcfe^T38JBttft4 0 5 nm®%R%£® l/-tf*T jW» 6 
5 n«. U-1f*?0)*?*«B, 6 0^ 5mWOHB8ifc^T»3 5 0 0 
fSRSfcfcD, »ttWEt>«*r*ik«flllC»LTI«!I±"J-*. 
[*IM6] 

*lO*ty/Il 0 8 a, Rtffg2 0**y7«l 0 8 b ft*<DJ:3iafc* 

10 

<»1 1 0 8 a) 

/ 9 0 0tT, BWitrxteTMA, TMGRtf7>*-7&m>, GaN£Dft 
SJIlO+^yyjBl 0 8a*.3 0AOJWT?di*$-e:*. 
(S2©^y/I10 8b) 
15 m&£l 0 0 0TCfc±WT, WWXtTMA. TMGRtf7>*-7£ 

K Mg£7. 5Xl0 18 /cm 8 H-"^Al 0 . 26 Ga, fl N£9ft**2 
*ty^il08'bSl OOA0&JPT/£g£-fe!-5 o 

20 5-3 0mWOffl*fc*ViTJ8ilttft4 0 5 ninCE)5l«»S©l/-1f* : F3jt#6 
tl<5. U-tf*T0*T*l*tt, 6 Ot;, 5mW©*«»«te*ViT»3 0 0 0 

ffittI10 7, WlO+ir-yyai 0 8 a, Rtf*2fl5*ty7 f il 0 8bS 
25 JfcOM lcAI^&«««»tt«lkM 1 LTJttfctf U £ASffc£«j*MM* 

(ffittI10 7) 

MGRtf7>*-7*JBK LT^^tfXfc^ Si §5X1 
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0 18 /cm 3 H-^fcI n 0 . OB Ga 0 .„NA0*<5l»M (B) £14 OAcD 
BUTC* ->y>#*£lt^ 7>H-yoi n 0 . jGao. 9 NckDft£#Fii (W) 
£7 0 AOJBIJPT, dOW^l (B)> (W) (B) / (W) / (B) 

/ (w) • • • • / (b> ojH^sr^. mmmtv. s 

6 g£lXl 0 l Vcm 8 co.I n 0 . 05 Ga 0 . 96 N£*m5JI (KJPtflOOA), 
7>H^In 0(05 Ga 0<fl5 N < kDWi (KU1W5 0A) 02Jl#)gfc:^ 
BStlfc^^ fg&Jll 0 7tt> igK^5 7 0 Ao£gg^#F«l® (M 
QW) 

(%l®*W?mi 0 81 a) 
10 *|C, P^Oi&gT, HC*W*KTMA, TMG&tfy^-T&ffi^ Al 
o. i t Ga, 85 NcfcDfrS|glCD**y:/ffll 0 8a§3 0 AflDKWT?^*** 
' *. 

0S2O*ty^H0 8b) 

#ClC, 1 0 0 OTSfcitf. Ifi^fcTMA, TMGM7>^Z7S: 

is ffiK w»^tLtCp,Mg (^^D^>^i;xr;^n^^A) &m 

^ Mg£7. 5X1 0 18 /cm 3 H^LfcA 1 0 . 25 Ga 0 . 76 N£Dfc£|g2 

^ckDi&W^ 1?*¥ttMfc*V>Tb£tt«2. 8 kA/cm 2 , 
5-3 0mW©tH*fc*ViT»S»*4 0 5 nm©*ttaiJ10l/-1f* ; F*t#6 
20 tlS. l/-lf*T©*«MN±, 6 Or, 5mW©at*»JBfc*UT»2 8 0 0 

*fcJE*«tbT}SttJH 0 7, %l<D**y7mi 0 8 a, ROt»2©* + 

25 fctfU * 

ffittlio?) 

MGRtfT^-TfcJB^ ^F«**Xtl/T^>^*«^ Si£5Xl 
0 18 /cm 8 H-^l/fc I n 0> o B G a 0< 96 N«fc (B) £1 4 0 A<0 
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ffiygT, ->5>#**ih»» 7>K-^<DIn q . l Ga 0 . 9 NJ;9&a#FJB (W) 
*7 0AoBWfC, £<0#&S (Bh #F1 (W) *, (B) / (W) / (B) 

/ (w) • • . •/ (b) <DM\zmm?z>. jutjra, wsstu g*is©*7 
> \*-7tirz> m io7it mmm s 6 o Ao^m&^wmm (mqw) 

5 

®l^t^yil0 8a) 

N«kDfeS16l0**y:/JIl 0 8a*3 0 A©flWT/fcft*1iS&. 
'(ft2©*vy:/jil 0 8 b) 
10 fiftfcl.O 0 0t;fc±tf, JWMfXlCTMA, TMGJfctfJ^nTft 

WMXtUCp,Mg (->^D^>^^x^T^i/^A) £/?! 
/ Vi, Mg$7. 5 X 1 0 18 /cra s H-yifcA 1 0 . a6 Ga 0 . 7S N<tO^S2 
V 7B 1 0 8 b & 7 0 A0^-?/££Si££o 

>F-7©#FJiftl«fcfrLfcS i F~:/eD|*MJf <hfrD, nffl^HfittftSJnb 

20 it&fll 1 - 3 t&^X¥$1fcU& < fc5. 
[HsttNl] 

ft 1 CD+y y 1 0 8 a S»j*'-&Tlc, SttJI 10 7 <Z)±fcii&ft 2 

?ffefp«r«. *afc*^TUtV^«4. OkA/cm J , 5-3 Om 
25 W®ffl*fc*V>TJM»fcft4 0 5 nm©a«Wa©U-1f3lH i 3»t»6tl*. I/- 
if 6 0*C, 5mW©aBBB6«lC*^T»l 0 0 0»|H4:«tO, 

ttttfiKa. &2 OOKtW. 
[Jttfefl2] 

ft 1 y^ilOBa WMHrffc, fS&M 10 7 ©±fcB*JB 2 CD** 
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v 1 0 8 b *£TR>* 5 \z Lt»*t*«tt, *1M 1 bTg<ffc# 

«B2<D*Yy:/gl0 8b) 

6 JBt^ TJW^XtbTCp 2Mg (->^n^s>^>?xr:;i/V^^r>A) 

Mgfcl. 0X10 19 /cm 3 K-^fcA l 0(3 Ga 0> 7 N<fcO&£fg2* 
* v ?M 1 .0 8 b » 1 0 0 A 

fflftfc*V»Tl/#^lt2'. 8kA/cm a . 5 - 3 0 mW0ffi#fc*^T»fiJft 
*4 0 6nm«BBH((Dl/- 1f*W#&*i6. SfMTOMTlMH:, 6 
10 OTC; 5mW0*fc»Sfc;feV>Tttl 0 0 OttHfcttD, ^ttfflffitt, 162 0 0 

' [JfctMS] 

0 8 a, »tf*2 CD** «/ 7JB l 0 8 b**co*5fcJ«« 

15 £o 

<»1©**?:/JI1 0 8 a) 

LTCp 2 Mg (^^n^>^^X-;i/T^S/^A) SJBH, Mgftl. OX 
lO"/cm*'\*-7LitGat1J:Q1Si&ni<D**y7miO 8 a*'3 OA© 

20 gWTdUK**. 

dS2©**y7JI10 8b> 

ia^Srl 0 0 0tJte±W\ IWMfXfCTMA, TMGW/^rJS: 

V\ Mg£7. 5X1 0 18 /cm J K-^lfcAl 0 . 25 Ga 0i 7S N<fc9&3?g2 
25 *iryy«10 8b*1.0 0A©IWC/jt****. 

Ctifc J: 0 #6*1* 1^— Sf «Ttt. SI 1 * V * CD p SPFtmtfi* 2>ty 

T*$8 0 OfiNBfc&O, *t±»2**y7m®pm7mto1fi»l**y'7Mbtk 
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5 ft&tttfffiVi (ff*b<«y >H-y©) Kl0**y7M£s pSPFMttSF 
-ybfcfg 2 <D* v y 7JB t CD 2 JBK:<fc DEI/ST* 21 tic J: 0, fe&m tx>M* 
**7Ji®#BM*iBTS£* K^--tr*-fe^o*|fl|*«iiBT**fc», pH 
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Bf#©ttH 

x>M? v v KB t SWf *g<fc# 'J 9A^#tt¥*#*7&*V> 

«>IBi5ttB&*HBpS!4>5y HSifOfflt. Kr!3«ttS<k 0 <fcffi»g©n2PF 
«4S»t89l3pa^7s' KSJ;0 1 fefi»S©pS7FMfet*#tr^b^U^AS'fb 
^ftfil^SlSSJBlO+fyyit, A 1 p Wmfiti^ K - L p 
'J 9 A*fc*tt*tt*ft S 2 ©** «/ ^1 1 SrEUI bfc C £ 

' 2. anB»i©*^y^tt, jttdstt«e:SLT»A$n. 3 & came* 2 

3. ttfWlO^y^Mt£«tf«nB^mkft0CpB79lttOMe]gcl. 0 
X 1 0 1 7 c m-'HTTS D , MS3&2 ©*i-.y 7® CfctfS P £*>&»©»«** 
8. OX10'»~2. 0X1 O^cm-'T&ZCtZmttZtit&lRlXte 

4. WE»l©**s>7flat. nffl^F«*srjtpffl?F««)*H-7 p * , fit^* 
£n. !9E?SttB*i6©i!B6«tfc«J:Dna{^tt«l*-g-*.. ©**?:/£ 
# 6 ©Sftftft tiOp S!^*6fe C i t -f « 1 7J£ 3 CD V>m 

5. K>ffi»l©+^y^g©|»p*t, fflgBSttHfcH-T'^nfcnai^Wftf^ 

irsm i T'St-e^-rmSiStWE^ 2 ©** ? yjpt p—^a*ut 

pa7Mtt«tttf3JI 1 ©*y y Vl t TTSR-JIIMWK* t «*»«ttTTf * 5 £ t 

6. iJESlC+ty^, GaNI, In,Ga,.,N| (0<x<l), 
RVA1 ,Ga,.,N| (0<y<l) tWRtsiUk 1 SXitCti^, 
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7. «M3«l©*^y^«*«GaN«*6iaiO, KJfWl 5-10 0 AT*-5 
d fc ft*MK ft Z>m#m 1 75M 6 OKlTftfr l Efcf3ft©&(b;tf U * 

8. i&BJSl©** I n x Ga^ x Nl (0<x<l) A^&jftD, Mi? 

9. »BJBl©*-1ry^Ji*«Al,Ga 1 _ y N« (0<y<l) *5diO, MJ? 
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